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Abstract 
During the process of building the sustainable development paradigm in the last four decades, the incorporation and 
integration of the urban dimension has been gaining importance, while it has been acknowledged that the majority of 
the most serious environmental threats are exacerbated by the high density and activity of urban life and its 
consumption patterns. Thus, different methods, techniques and instruments for urban sustainable assessment that seek 
to figure out how cities can become more sustainable have emerged. Among which, indicators are increasingly used 
as they provide a solid foundation for decision making, at all levels, and contributes to the building of sustainable 
self-regulated systems in which development and environment can be integrated. The present paper builds on the 
background of the recent movement towards the usage of indicators by introducing a carefully chosen set for 
quantifying sustainability performance at the urban level and into the planning process. By moving indicators from 
the ex-post evaluation of cities’ problems to an ex-ante stage in which they can be operationalized as planning tools, 
this piece of work provides a contribution to traditional urban planning instruments and moves a step forward with 
regard to the construction of sustainability. In this framework indicators become key instruments in urban analysis, 
the design of policies, strategies, actions and programs for sustainable urban development. The paper starts by 
introducing the methodology and the urban sustainable indicators system for planning. This model then is tested and 
applied in a case study based on Mexico City’s metabolism. Finally, the study provides a series of reflections on how 
successful strategies to enhance the long-term sustainability of cities can be developed by introducing sustainability 
indicators into the urban planning process. 
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1. Introduction 
With the spread of the Sustainable Development paradigm, and the implementation of Local Agenda 
21, the use of more comprehensive indicators has been  promoted to measure the incorporation of social 
and distributive aspects together with intergenerational equity, Earth’s carrying capacity, negative 
external shocks(such as global warming), and cities’ ecological footprint, among other aspects.[1]. As a 
result, the magnitude and significance of sustainability indicators has received much attention in recent 
years. So, the number of possible indicators has grown to an extent where virtually all aspects of city 
performance have been covered. Consequently, a vast number of sustainability indicator systems are in 
use today, which encompasses at least three different visions of cities: the first considers them as an 
ecosystem themselves, another is concerned with their effects on larger ecosystems, and a third focuses 
on their capacity to generate a healthy environment inside and outside their borders [2]. 
This theoretical and empirical effort stated by international organizations as well as local governments 
to define indicators that could be useful in assessing the evolution of environmental issues and to 
establish which the main problems in cities are, represents, unquestionably, an advance in terms of the 
generation of information, modeling and standardization of sustainability in the urban field.  
Even when all these sets of indicators can be used as measures of current conditions of urban 
sustainability, they have been limited to their specific areas, such as environment, society or economy and 
their connections with the urban development process, and are still remaining as isolated monitoring and 
control instruments. So there is still a gap between the use of urban and sustainability indicators in plan 
making and urban planning performance. If used in an integrated manner, these sets of indicators could be 
hugely useful for assessing and monitoring urban trends as well as measuring the impact in terms of 
sustainability of policies and programs in the midterm and long run, with respect to social, economic, 
political, cultural and environmental objectives. Hence the use of sustainable indicators in the early stages 
of urban planning would help advance the incorporation of sustainability goals throughout the planning 
process, which would, eventually, translate into sustainable cities by design. 
Moreover, if sustainability is to be fully integrated into the future design of cities, tools need to be 
constructed to enable its insertion into the city fabric. 
2. Bridging the gap: Incorporating urban sustainability indicators into the planning process.  
2.1.Set of Urban Sustainable Indicators for Planning.   
This work develops a Set of Urban Sustainable Indicator for Planning. As a result, the set of urban 
indicators proposed embody a sustainable urban planning framework. Integrated into this set are 
indicators of process, results, impact, and perception, which will provide the necessary information for 
envisioning the current and future key elements that will help build a city based on urban sustainability. 
The resulting Urban Sustainable Indicator System for Planning is presented in Figure 1. 
643Natalie Rosales / Procedia Engineering 21 (2011) 641 – 647Natalie Rosales / Procedia Engineering 00 (2011) 000–000 
Org anizing and  
Initiating the
p rocess.
•Control 
Ind icators
•Profile
Ind icators
Analysis of reality
and  strateg y
d esig n
•Profile
Ind icators
Action and  
Im plem entation
•Profile
ind icators
•Performance 
Ind icators
Planning Revis ion
and Feedback
• Urban
Planning
Performance 
Ind icators
Manag em ent,  
Follow up  and  
evaluation
•Urban
planning
Performance 
Ind icators
•Monitoring
Ind icators
sus tainab ility
p rofile ind icators
• They p rovid e sig nificant information ab out the city in te rms of sustainab ility such as : a) a 
safe city, b ) a he althy city, c)visually and  cultural ap p e aling  city , d )an e fficie nt city e )an
e quitab le city.
Urb an p lanning
p e rformance  
Ind icators
• They show the e xte nt of  sustainab ility throug hout the urb an p lanning p roce ss consid e ring
the comp one nts of the ap p roach, the p roce ss and  the re sults of p lanning, the sustainab le
p rincip le s includ e d and  what has b e e n the imp act and  e ffe ct of the p lanning p roce ss, and  the
way that it has contrib ute d to the achieve me nt of sustainab ility. 
Monitoring & 
asse sme nt
Ind icators
• Offe r a g e ne ral vie w of the city d eve lop me nt articulate d by the five d ime nsions of urb an
sustainab le d eve lop me nt (  e colog ical, social, p hysical,te rritorial and  p olitical) in an
inte g rate d manne r. 
Urban Sus tainab le Ind icator Sy s tem  for Planning
 
Fig. 1. Urban sustainable indicators system for planning 
2.1.1. Sustainability profile indicators 
Four modules of indicators have been defined to measure and provide information about the city in 
terms of  urban sustainability.  
The Urban Safety Indicator Module. Urban security includes a variety of issues ranging from the 
satisfaction of primary needs such as health, feeding, education, to protection against crime, as well as 
defense against the impact of natural and manmade disasters [3]. The module attends to safety in the city 
context and analyses human safety in cities through urban vulnerability, land tenure and other urban 
safety indicators. In addition, the module defines the underlying aspects of safety in cities, taking into 
account urban inequality, poverty and unemployment indicators. 
The Urban Health Indicator Module. The module addresses a healthy urban environment and the 
responsibility of a city with regard to the global environment. It focuses on the OMS health concept that 
implies the recognition of diverse interactions between physical, behavioral, social and spiritual aspects 
that variously constitute health [4].  
This broad concept of health applied to a city context refers to the commitment, and the access to 
activities that facilitate social interaction and balanced relationships within the development patterns of 
the city and the environmental carrying capacity. Therefore, this module incorporates indicators related to 
quality of the urban environment, urban form, urban metabolism, and sustainability of the urban local 
system.  
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The Visually and Cultural Appealing City Indicator Module.  Another significant dimension of the 
achievement of a sustainable city refers to the quality of the space, in this sense, an appealing quality built 
environment, contributes to collective interaction and favors social cohesion in cities [5]. 
The evaluation of this characteristic is closely related to the elements that enhance a harmonious 
environment and promote a better quality of life. This module addresses considerations of habitat and the 
quality of urban space through indicators of access to local services, quality of public space, the vitality of 
the city and the urban landscape. 
Urban Efficiency Indicator Module. Sustainable cities also include urban development that guarantees 
the protection of natural, historic, architectural, cultural and artistic heritage. This entails the proper 
management and administration of resources in the short, medium and long run, and the implementation 
of appropriate actions in order to meet the city’s needs, and promote a quality urban environment [6].  
The module performs an analysis of institutional capacity, applying indicators that reflect the existence 
and effectiveness of political, economic, financial, socio-cultural instruments for managing and 
administrating resources.  
2.2.2 Urban planning performance indicators. 
Urban planning performance analysis can  be carried out  introducing  a check-list indicators of 
sustainability aspects to be included in the planning process such as: if programmatic components of 
urban planning scope include the sustainability principles?; Is there a sustainable envisioning of the city 
included in master plans and other planning instruments?; Are the effects, consequences and impacts of 
urban planning presented in terms of urban sustainability?   
2.3 The monitor and assessment Indicators. 
Finally, the performance of urban development sustainability can be evaluated using synthetic 
indicators that will provide a general view and will allow a comparison among cities, as well. In this 
context indicators such as; the ecological foot print, urban quality of life, city development, urban 
governance indexes and the Gini coefficient can be helpful in determine the sustainability of the city’s 
performance in relation to environmental, social, economic, territorial, and institutional issues. 
3. Mexico City: the case study on Indicators for planning to reach urban sustainability. 
Mexico City was selected as a case study to apply the set of urban sustainability profile because of its 
importance in the Latin American region, not only in economic and demographic terms, but also due to its 
particular geographic characteristics (location and altitude). In addition it experienced an accelerated 
growth and expansion process that had an impact on the occupied land area and on its the needs for inputs 
and outputs, which pose increasing sustainability challenges. 
Therefore, this section will apply the Urban Health Indicator Module to analyze the ecological 
conditions of Mexico City stressing key aspects of its urban metabolism. 
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Fig. 2. Incorporating sustainability indicators into urban analysis and  city profile. 
4. Indicators as useful instruments to better integrate sustainability considerations in the urban 
planning process. 
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The case study has help establish that the incorporation of sustainability indicators as an ex ante tool in 
the planning process can help characterized ecological sustainability of urban systems and provide 
planners with a bigger picture of the city by  highlighting urban sustainable development challenges .  
A flow analysis of Mexico City has revealed that its regular requirements for water, food, raw 
materials and fuel regard its urban metabolism as linear. This means that the city consumes more natural 
resources than it can regenerate, importing a large quantity of raw materials (food and resources) from 
other regions, while generates waste, gases and wastewater that expand the negative impact of  the city at 
a regional scale. The analysis also demonstrates that the city has exceeded its carrying capacity, making it 
an unsustainable urban ecosystem. 
This evaluation of urban sustainability indicators can also provide measures of resource efficiency and 
the degree of circularity of resource streams, and may be helpful in identifying opportunities to improve 
these parameters. It is also possible to obtain a comprehensive accounting of the stocks and flows through 
cities, providing a context to understand critical processes such as water stress; the dynamics between 
energy and resource supply and demand; as well as the factors that influence its metabolism such as: 
urban form, including density and morphology; sprawl; per capita transportation energy requirements; 
and urban mobility patterns. 
It is becoming essential for urban policy makers to address sustainability as part of their agenda, by 
including concepts and urban descriptors such as metabolism of cities and carrying capacity. This will 
provide them with tools to face challenges, as they will be able to consider to what extent their nearest 
resources are close to exhaustion and, when necessary, develop appropriate strategies to slow down 
exploitation. Therefore, the proposed use of sustainability indicators as ex ante tools in urban planning, 
will lead to: 
• Connecting statistical, environmental, demographic, urbanistic, economic and social data to match the 
managerial urban local and regional needs.  
• Integrating data according to the subject matter to generate information for the decision-making 
process across the different stages of urban planning.  
• Supporting stakeholders’ analyses relating to management of the city in a sustainable way. An opening 
of communication channels for all subjects concerned with the city’s life.  
• Discussing and redefining the planning agenda. 
• Proposing guidelines to achieve the objectives of a sustainable city along with the monitoring process.  
Ensuring that planning process covers the key urban sustainability themes, and that the planning 
instrument proposed are targeting scheme s and project to address sustainability. 
In particular this methodology can contribute to answer, from the sustainability point of view, to some 
policy makers and urban planners questions like, What are things like?; ‘What is the big picture?’; How 
much?’; ‘How did we do?’; Where are we headed?’; What is most areas of concern or improvement 
important?’; What next?’ 
5. Final remarks  
As it has been established, new challenges call for new planning strategies and instruments. 
Consequently, the building of a sustainable city should be based on the recognition of its particular 
conditions and a deep understanding of its ecological reality that will provide urban planners with a clear 
perspective. The set of indicators presented arises from an operational diagnosis that starts by taking into 
account a variety of elements, such as the metabolism of the city, the level of self-sufficiency of the urban 
system, city vulnerability, the certainty of land tenure, safety, the quality of habitat,  , as well as the local 
and global impact that the development of the urban pattern and the urbanization process generates. By 
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the end of this analysis, sustainable cities will be conceptualized as integrated objectives, subject to 
planning. 
Moreover, it is possible to state  that thinking about  a sustainability evaluation from an early stage of 
the planning process helps; identify trends and  patterns and  measure characteristics of urban 
environment quality; increases general understanding about the possible conditions that eco-geographic 
contexts impose on urban development; and  integrates aspects that have been isolated by sector. Finally, 
it creates awareness and spatial strategic options for urban design and planning, which can lead to an 
improvement on cities sustainability. 
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